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[Patent Attorney] 

(57) [Abstract] 

[Objective] Ratio V/G(mm2/ 0 C*min ) of crystal growing rate 
V(mm/min ) for temperature gradient G(°C/mm) of crystal axis 
direction to thel 300 °C from melting point of silicon is 
controlled in high precision, theOSF ring is generated in 
position where you aim 

[Constitution] G is sought with temperature distribution calcula 
tion of entirety inside thefiirnace which uses heat conduction 
calculation. Controlling radiation from melt with radiation 
blocking thing 7, orthe radiation reflected thing 9 it operates G. 
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[Claim 1] When producing silicon single crystal with Czochrals 
Id method, single crystal silicon rearing method 
whichdesignates that temperature distribution of single crystal 
interior is operated by blocking and/or reflecting radiation from 
melt making use of temperature distribution whichsought 
temperature distribution of single crystal interior with 
temperature distribution calculation of entiretyinside furnace 
which uses heat conduction calculation sought, as feature. 

[Claim 2] In temperature distribution calculation of entirety in 
side furnace which uses theheat conduction calculation to 
depend, temperature gradient G(°C/mm) of crystal axis 
direction to 1 300 °C is sought from melting point ofthe 
silicon, as in order crystal growing velocity V(mnVmin ) and 
temperature gradient G( 0 C/mm) which was sought forthe ratio 
V/G(mm2/ 0 C*min ) to be controlled to goal value, V is 
operated,the single crystal silicon rearing method which is 
stated in Claim 1 which designatesthat G is operated with 
blocking and/or reflection of radiation fromthe melt as feature. 
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[Claim 3] With temperature measurement value of single cryst 
al periphery single crystal silicon rearing method which isstated 
in Claim 1 or 2 which designates thing which temperature 
distribution calculationthe correction is done as feature. 
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[Description of the Invention] 
[0001] 

[Field of Industrial Application] This invention regards rearing 
method of silicon single crystal due to Czochralski method 
(CZ method below you call),furthermore details, operating 
temperature distribution of interior while rearingthe single 
crystal, regard single crystal growth method which controls 
crystal quality. 

[0002] 

[Prior Art] As for manufacturing method of silicon single crysta 
1 which is used as highly integrated semiconductor element 
material there is avarious, but CZ method is adopted mainly as 
method where mass production ispossible in industrially. 
Execution state of CZ method is shown in Figure 3. 

[0003] With CZ method it can use crucible 1 of double structure 
where usually, the inside quartz and outside is formed with 
graphite, starting material silicon which is accommodated inside 
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crucible 1 melts being heated bythe heater 2 which is arranged 
in outside of crucible 1 . silicon melt 3 can pull up wire 5 which 
in bottom end is installed in theseed crystal 4 from crucible 1 
gradually by rising. This time crucible 1 and seed crystal 4 it 
turns. Because of this silicon melt 3 is reared cylindrical single 
crystal 6 which solidification is done, crystal growing rate which 
usually is adopted is 1 .0 to 2.0 mnVmin . 

[0004] With rearing silicon single crystal with this kind of CZ m 
ethod, after processing the single crystal in wafer, it is informed 
that acid induced stacking fault of ring whichis called OSF ring in 
wafer surface by doing thermal processing, occurs. 

[0005] When OSF ring occurs, with inside region oxygen precip 
itate where thermal stability whichgrew in crystal growing is 
high is distributed with high density of 106 cm-3 extent,the 
voltage resistance of gate oxide film decreases. On one hand, 
with outside region of OSF ring, as for oxide film voltage 
resistance it issatisfactory, but size dislocation cluster - of 
approximately 400 nm occurswith density of approximately 
103 /cm2. This way, OSF ring in inside and outside physical 
property of waferdiffers largely in boundary. 

[0006] Silicon single crystal which is produced by CZ method is 
used for highly integrated semiconductor element material, 
butthe reliability and yield of highly integrated semiconductor 
element because it depends on physical propertyof single crystal 
wafer strongly, with rearing silicon single crystal with CZ 
method controlthe position of OSF ring, become technology 
whose it is important togenerate OSF ring in position where you 
aim 

[0007] Pertaining to this as for these inventors, crystal growin 
g rate V(mm/min ) to do, temperature gradient of crystal axis 
direction from melting point of silicon in thetemperature range 
to 1300 °C is designated as G(°Oram) time, Fact that 
occurrence position of OSF ring is decided in significant by 
theV/G(mm2/ 0 C*min ) is discovered, OSF ring is generated in 
outer perimeter of waferwhich is not used for device production 
as with Japan Patent Application Hei 6 - 148939 number, with 
theV/G as 2. 5 or greater, distributed density of oxygen 
precipitate with inside of OSF ringthe single crystal production 
method which decreases was proposed with cooling rate from 
thel 150 °C in temperature range to 1000 °C as 2.0 °C/min 
or less. 

[0008] 

[Problems to be Solved bythe Invention] With single crystal pr 
oduction method which these inventors proposes before, in 
order togenerate OSF ring in position where you aim, it has 
become thetechnology whose it is important to control V/G in 
high precision. 
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[0009] But, with rearing silicon single crystal with CZ method, 
as shown in Figure 3,although single crystal 6 which is in midst 
of rearing receives radiative heatfrommelt 3 radiation escaping 
heat from single crystal 6 exists. Because length changes 
attendant upon growth of single crystal 5, theaxis direction 
distribution of radiation amount of escaped heat from single 
crystal 6 changes hourly. Because of that, G is not maintained 
to uniformity in themidst of rearing single crystal 6. In order to 
control V/G, detection and operation of Gare necessary not 
only a V , but above-mentioned waybecause with actual 
operation detection and operation of V aredifficult, as for 
control of V/G to be very difficult,therefore, it is not easy to 
generate OSF ring in position whereyou aim (prior art method 
reference in Figure 2). 

[0010] Objective of this invention is to offer single crystal silic 
on rearing method which inthe high precision can control 
control consequently OSF ring occurrence position of V/G 
temperature distribution of thesingle crystal interior which is in 
midst of rearing by operating while it is amind. 

[0011] 

[Means to Solve the Problems] It is something which operates t 
emperature distribution of single crystal interior by blocking 
and/or reflecting radiation from melt making use of temperature 
distribution to whichthe single crystal silicon rearing method of 
this invention when producing silicon single crystal with the CZ 
method, sought temperature distribution of single crystal 
interior with temperature distribution calculation of theentirety 
inside furnace which uses heat conduction calculation, sought. 

[0012] With control of V/G, temperature gradient G(°C/mm) o 
f crystal axis direction to 1 300 °Cis sought from melting point 
of silicon with temperature distribution calculation ofthe 
entirety inside furnace which uses heat conduction calculation, 
as in order crystal growing velocity V(mnVmin )and 
temperature gradient G(°C/mm) which was sought for ratio 
V/G(mm2/°C*min ) to be controlled tothe goal value, V is 
operated, G is operated with blocking and/or reflection of 
radiation from melt. 

[0013] It is desirable, it calculates temperature distribution with 
temperature measurement value of single crystal peripherythe 
correction. 

[0014] 

[Work or Operations ofthe Invention] With control of V/G, fa 
ct that temperature gradient of single crystal axial direction 
iscontrolled while rearing single crystal is technology of 
essential. With this control technology, two of thing which 
seeks temperature distribution of thesingle crystal interior which 
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is in midst of rearing and thing which operatesthe temperature 
distribution is necessary. If you refer to control of V/G, to seek 
G, and operatingthe G it is necessary together. 

[0005] Once this becomes possible, by measuring temperature o 
f single crystal periphery withthe many site concerning seeking 
temperature distribution of single crystal inside, but becauseit 
means to install many measuring apparatus inside furnace, 
pollution of thesingle crystal which is in midst of rearing inside 
furnace and inside thefiirnace becomes problem. This is done 
then with this invention with temperature distribution 
calculation of theentirety inside furnace which uses heat 
conduction calculation. 

[0006] Concretely, interface shape of radiative heat exchange, 
single crystal and melt ofthe entirety inside for example 
furnace, considering heater power and single crystal growth 
velocity or other eachitem, from fact that it does heat 
conduction calculation, it seeks temperature distribution of the 
single crystal interior, with control of V/G seeks G. 

[0007] Because with item here, namely radiative heat exchange 
of entirety insidethe furnace, heat retaining material inside 
furnace and geometry of insulation, toother than length of 
single crystal which is in midst of rearing, with this invention 
blocking and reflection of radiation from meltare done, it is 
necessary current position etc of blocking ones and 
reflectedones to consider. In addition, it is possible to seek 
from St efan condition and Boundry-fitted method,concerning 
interface geometry of item namely single crystal and melt. 

[0008] According to furnace internal temperature distribution c 
alculation which uses heat conduction calculation,decreasing 
quantity of temperature measurement point, it is possible to 
seek temperature distribution ofthe single crystal interior from 
high precision. Furthermore , because temperature 
measurement in this case is because ofthe correction of 
temperature distribution calculation, it is not necessary always. 
When terrperature measurement is done, crystal surface 
temperature it is desirable from solid-liquid interface tomeasure 
with fixed distance, but with this invention in order to do 
terrperature distributioncalculation over entirety inside furnace, 
it is possible to measureradiation blocking ones and terrperature 
of special constant position of heat retaining material 
whichrespond to temperature distribution of single crystal. 

[0009] Concerning operation of temperature distribution, with 
this invention radiation fromthe melt blocking and/or is 
reflected. Because temperature of interface of single crystal 
and melt is fixed,blocking radiation to single crystal from melt, 
terrperature gradient of single crystal axial directionbecomes 
with large by lowering terrperature of single crystal, with 
control ofthe V/G can make G large. On one hand, installing 
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reflected ones where reflectivity is high in theupvvard direction 
of melt, temperature of single crystal becoming high by 
reflectingthe radiation from melt to single crystal, temperature 
gradient of single crystal axial direction becomeswith small, with 
control of V/G can make G small. In addition, using both of 
blocking and reflectionsimultaneously, also it is possible to 
operate G. 

[001 0] OSF ring can be generated in position where highly preci 
se control of theV/G became possible this way, aimed. 

[0011] 

[Working Example(s)] Equipment configuration which is suited 
in order to execute this invention in Figure lis shown. 

[001 2] In Figure 1 , 7 in order to encircle pulling up road ofthe si 
ngle crystal 6, is radiation blocking ones of cylinder which is 
provided in upward directionof crucible 2. radiation blocking 
thing 7 consists of for example carbon, accommodating single 
crystal 6which is pulled up from melt 3 inside crucible 1 , blocks 
radiationto single crystal 6 from melt 3. In addition, in order 
to control blocking quantity, it moves the radiation blocking 
thing 7 to top and bottom due to drive part 8 . 

[00 1 3] 9 in order to surround hoistway of radiation blocking thi 
ng 7,is radiation reflected ones of plural which on 
circumferential direction it is arrangedis installed, radiation 
reflected thing 9 for example surface consists of Mo sheet 
whichthe polishing is done in mirror surface, reflects radiation 
from melt 3 inthe single crystal 6. Li addition, in order to 
control amount of reflection, as for respectiveradiation 
reflected thing 9 angle adjusts by drive part 10 . 

[0014] 1 1 is temperature measurement meter, temperature of p 
oint of constant distance ismeasured from solid-liquid interface 
of surface of single crystal 6. 

[001 5] As for 1 2 it is a G calculator which seeks temperature gr 
adient G of crystal axisdirection from melting point of silicon in 
temperature range to 1 300 °C. It can give to G calculator 12 
position information of radiation blocking thing 7 from 
thedrive part 8. In addition, from drive part 10 temperature 
information of single crystal periphery it can give theangle 
information of radiation reflected thing 9, respectively from 
temperature measurementmeter 1 1 . Furthermore, heat 
retaining material inside furnace and shape of insulation,the 
length and rearing velocity V of single crystal 6 which is in 
midst ofrearing, interface shape of single crystal 5 and melt 3, 
concerning power ofthe heater 2 also each information is given. 

[0016] And G calculator 12 calculates entirety inside furnace te 



ISTA's Paterra(tm), Version 1 .5 (There may be errors in the above translation. ISTA cannot 

be held liable for any detriment from its use. WWW: http://www.intlscience.com Tel:800-430-5727) 



P.7 



[0 0 17] 1 3liV/G©]gPST'fe4o V/G*]®§§1 3 

g t wisa* isaa v t b v / g * 

tmz. *©fr»«A<V/G|ftJgttfc-a*.&J:9l::v£* 



[0 0 18] fr< LT. JMg&WdMteJIIIMfcfrfcoTV/ 
* -5 1 -/ \lz ftax L -7 1 -/ \ £ MS L fc t C * 



[0 0 1 9] -tfcfr*), fc&<SS (C v m. Cj «, D v , 
/GC: c fcoT;$£JII*J<7>T= 1 3 0 0°C~ 1 2 5 0°ClCfclt^ 

»*Srai*J*fcl4*a>2ifc*B ($c<4) Sf£f§±3F-fcr£, * 
ft) fc-£i=&*. I 



[0 0 2 0] fc/i'L £AWj£5HQ®TailflU!$j£tt&J:tf*- 
a>&<DBt&frb<D*£Jltty»f£Lftl~li. $£&A<iSi£i=ftsp2F 
tl5. C<D<tt, Top fiiJItfiS^bTailflliaS^bii;^? 

t©fc«>. Wfi£tD»fc«fci;^ic*t(E-r4ai»-ei*, osf 

W6li, ioo~85 o^siTT?|ga;fc»B*iz»jai*;h.$$j|8 

T?&y, #?ltl3/h*L^tfm«J-Cft«. -2k 1 0 00-8 5 

o o cui±r*»fi)t$ti4^ii(si^^ < ss-e. e»*fti=*5fc 
t$st?fty. «*i=T^/w^ai4«* (Haas®) i=» 



[002 1 ] *l=Hll=Sf»M£ffll*T3IIBl=V/G£t! 
[0022] Cffelfcfti] KS1 6" ©ea/uytflcKttK 



mperature distribution with theheat conduction calculation 
making use of these information which exclude temperature 
measurement value of the single crystal 6, seeks G by doing 
correction of temperature distribution calculationfurthermore 
making use of temperature measurement value. 

[0017] 13 is V/G controller. As for V/G controller 1 3 as V/G is c 
alculated from G and thesingle crystal growth rate V which were 
sought, in order for calculated value to agree with theV/G setting, 
V is operated, together position of radiation blocking thing7 
and angle of radiation reflected thing 9 are indicatedto drive 
part 8,10 and G is operated. In addition it operates also power 
of according to need heater 2. 

[0018] V/G is controlled to set value this way, over entire time 
of the single crystal growth. As a result, single crystal which was 
reared is processed in wafer andwhen thermal processing doing 
wafer, OSF ring which it occurs iscontrolled to specified position. 

[0019] It is a presumption with calculation under supposition ( 
constant set value ofCv ez,Ci eZj Dv ,Di ) which isthe namely,, 
but concentration ( void interstitial silicon ) of point defect in 
T=1300 °C to 1250 °C inside crystalwith V/G is almost 
decided, this point defect after that, reacts withthe oxygen and 
various size and generates oxygen precipitate or secondary 
defect (rearrangement) etc ofthe density. Because of that, by 
controlling V/G uniformly, occurrence position of the OSF ring 
it becomes fixed over crystal entirety. Furthermore, also 
distribution (size - density distribution with in-plane and axis 
direction) of oxygen precipitate or other defect becomes fixed. 

[0020] However, at time of Tail section formation of crystal g 
rowing end stage and afterthat at time crystal to separate from 
melt, crystal is cooledquickly. This time, as for To p-side from 
low temperature Tail side because thequench it is done, these 
portion do not become with uniform defect distribution from 
thehigh temperature. Because of that, with rearing initial stage 
or portion which correspondsto post phase, occurrence position 
of OSF ring is not controlled, defect of portion which does not 
become uniform is defectwhich is formed at time of crystal 
cooling with 100 to 850 °C or below, is thevery small 
precipitate, defect which on one hand, is formed with 1000 to 
850 °C or higher largely instability, becomes uniform over 
crystal total length. This kind of defect is stability even in 
device process, it remains securelyin device active region 
(surface vicinity), characteristic deteriorates. 

[002 1 ] Result of controlling V/G actually making use of equipme 
ntwhich is shown next in Figure 1 is explained. 

[0022] [Working Example 1] High purity polycrystalline silico 
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n 50 kg was inserted in quartz crucible of diameter 16", 
boron dopedwas done, thermal decomposition after doing 
polycrystalline silicon, crystal growing azimuth <100> length 
1000 mmgrew single crystal with diameter 150 mm As in 
single crystal growth, measuring surface temperature of crystal 
with radiation thermometer, itcalculates V/G with single crystal 
temperature distribution calculation system, in order forthe V/G 
to become 0.28 mm2/°C*min (Uniformity), it operates 
single crystal growth rate, radiation reflected ones of cylinder 
which consists of carbon of internal diameter 300 mm X 
thickness 30 mmwhich is allotted to surroundings of single 
crystal were moved to top and bottom 

[0023] Sample was cut parallel with crystal axis direction from s 
ingle crystal whichit reared thermal processing after doing, 
occurrence position of OSF ring was inspected. OSF ring from 
center occurred in position of approximately 67 mmexcluding 
20 mm of rearing initial stage and portion of 1 00 mm ofthe 
rearing post phase. 

[0024] [Working Example 2] High purity polycrystalline silico 
n 50 kg was inserted in quartz crucible of diameter 16", 
boron dopedwas done, thermal decomposition after doing 
polycrystalline silicon, crystal growing azimuth <100> length 
1000 mmgrew single crystal with diameter 150 mm As in 
single crystal growth, measuring surface temperature of crystal 
with radiation thermometer, itcalculates V/G with single crystal 
temperature distribution calculation system, in order forthe V/G 
to become 0.22 mm2/°C*min (Uniformity), it operates 
single crystal growth rate, it allottedto surroundings of single 
crystal and surface 5 which polishing isdone it operated angle of 
Mo plate make radiation reflected thing (As for dimension of 
one layer 250 mm X 150 mm) in mirror surface. 

[0025] Sample was cut parallel with crystal axis direction from s 
ingle crystal whichit reared thermal processing after doing, 
occurrence position of OSF ring was inspected. OSF ring from 
center occurred in position of approximately 15 mmexcluding 
20 mm of rearing initial stage and portion of 100 mm ofthe 
rearing post phase. 

[0026] [Working Example 3] High purity polycrystalline silico 
n 50 kg was inserted in quartz crucible of diameter 1 6", 
boron dopedwas done, thermal decomposition after doing 
polycrystalline silicon, crystal growing azimuth <100> length 
1000 mmgrew single crystal with diameter 150 mm In single 
crystal growth, measuring surface temperature of crystal with 
radiation thermometer, itcalculated V/G with single crystal 
temperature distribution calculation system, rearing lengthof 
single crystal V/G 0.22 mm2/°C*min and rearing length after 
500 mm inorder to become 0.28 mm2/°C*min , as single 
crystal growth rate is operated, operated theposition of carbon 
radiation reflected ones and angle of Mo radiation reflected 
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[0027] Sample was cut parallel with crystal axis direction from s 
ingle crystal whichit reared heat treatment after doing, 
occurrence position of OSF ring was inspected. Until OSF ring 
from center occurs in position of approximately! 5 mm from 
20 mm regarding portion to 450 mm, moves to theouter 
perimeter from 450 mm gradually, leaves 1 00 mm from 550 
mm fromthe center it occurred in position of approximately 67 
mm regarding theportion. 

[0028] OSF ring occurrence position in each Working Example 
is shown in Figure 2. In addition, OSF ring occurrence position 
in case of prior art method which does not control theV/G for 
comparing is shown. As understood from same Figure, highly 
precise control of V/G becomespossible depending upon this 
invention , it becomes possible to generate theOSF ring in 
position where you aim Byway, prior art method is aiming for 
fact that from center ofthe crystal OSF ring is generated in 
position of 35 mm, when it didthe crystal growing „ but you aim 
actual OSF ring occurrence position and have slipped largely 
fromposition. 

[0029] 

[Effects of the Invention] You expressed above sort, It possesse 
s effect that single crystal silicon rearing method of this 
inventionseeks temperature gradient of single crystal interior 
with temperature distribution calculation of entiretyinside 
furnace which uses heat conduction calculation, makes highly 
precise control of the V/G possible by operating temperature 
gradient of single crystal interior with blocking and/or reflection 
of radiation from and melt, can generate theOSF ring in 
position where you aim because of this. 

[Brief Explanation of the Drawing(s)] 

[Figure 1] It is a configuration diagram of equipment which is sui 
ted in order to execute thethis invention. 

[Figure 2] It is a graph which shows effect of this invention. 

[Figure 3] It is a conceptual cross section diagram which shows e 
xecution state of Czochralski method. 

[Explanation of Reference Signs in Drawings] 

1 crucible 

2 heater 

3 melt 
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[Figure 2] 
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[Figure 3] 
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